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(57) Abstract 

Linear ethylene inierpolymcr blends are disclosed. 
The blends a^c mad*; from components havi.-.t a narrow 
molecular weight distribution (e.g. NU^Mn < 3) and a 
narrow composition distribution (e.g. CDBI > 5C ^o). 
The blend co.'nponents in a blend can all have the sirr,- 
mo'lccjfar weight but difTerent comonomer contents, the 
same comonomer cement but different molecular ^ 
weights, or comonomer contents which increase with mo- 
lecular weight. The biends have either .M^/M„ > 3 or 
C DBI < 50 % or both, and can be multimodal with re- 
spect to cither or both moiecular weight and' or compn- 
omcr content. The blends are generally free of blend 
components having both a higher average molecular 
weight and a lower average cotr.onomer conlcni than an- 
ther blend component. The blends can have improved 
[ncchattiuL physical and/or che^*ical properties. 
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SPZCIFICATIOH 

Field of the Invention 

The present invention relates to polytrer blends of 
crystalline interpolyrners , such as LLD?E, and more 
particularly to blends of such interpolyaers wherein each 
5 blend component has a narrow molecular weight distribution 
and a narrow ccaposi^iofi distribution selected to obtain 
superior properties in the blend. 

Bac3cqround of the Invention 

Various tyjpes of polyethylene are known in the art. 

IC Low density polyethylene ("LD?E") is generally prepared at 
high pressure using free radical initiators and typically 
has a density in the range of 0.915-0.940 g/ca^ . LDPE is 
also known as "branched** polyethylene because of the 
rel4tively larg^i number of long chain branches extending 

15 frtm the main polymer bac)cbone. 

High density polyethylene ("HOPE") usually has a 
density in the range of greater than 0.940 to 0.960 g/aa*. 
KDPE is prepared using a coordination catalyst, e.g. 
Ziegler-KattA type catAlystx, at low or noderate 

2C pressures, but sometimei at high pressure. BDPE is 



generally linear without any substantial sid chain 
branching. hDPE is a substantially crystalline polyicer. 

Linear, low density polyethylene ("LLDPE") is 
generally prepared in the same aanner as HDPE, but 
incorporates a relatively minor anount of an a-olefin 
coBonomer such as butene. hexene or cctene to introduce 
enough short chain branches into the otherwise linear 
polymer to reduce the density of the resultant polymer 
into the range of that of LDPE. The coordination 
catalysts used to interpolymerire ethylene and the 
a-olefin generally produce an LLDPE with a relatively 
broad weight molecular weight distribution, i.e., Mw/Tin 
greater than ahout 3. Such LLDPE* s also have relatively 
bnad ccnposition d'i stri tiution in that the proportion n'o-olefin 
cc-r.oriomer Biclecules incorporated into the polymer 
molecules varies. Generally, the lower molecular weight 
polv-mer molecules contain a relatively higher proportion 
of the a-olefin comonomer than the higher molecular weight 
■polyszr Jnolecules. 

A polyethylene such as LLDPE having a broad molecular 
weight distribution is undesirable in many respects, 
depending cn the desired end use application. For 
example. LLDPE resins luiown in the prior art containing 
relatively high molecular weight molecules are subject to 
orientation which results in anisotropic properties in the 
machine versus transverse direction of a fabrication 
process. On the other hand, resins containing relatively 
lower molecular weight molecules, in which the comonomer 
is invariably concentrated, tend to exhibit high block and 
tackiness. These lower molecular weight, highly branched 
molecules interfere with the. proper function of certain 
additives compounded in the resin, increase the percentage 
of extractable polymer, and increase fouling in the 
polymerization plant. The relatively high o-olefin. 
coBonoiuer content of these low molecular weight polymer 
Bolecul s causes such polymer molecules to be g nerally 
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am rphous and to exude to the surface of fabricated parts, 
thereby producing an undesirable cticJcy surface. 

Prior art polyethylenes such as LLDPE also generally 
tend to have a very broad, nonuniform distribution of 
5 coraonomer content, i.e. some polymer molecules have a 
relatively high or-olefin ccmonomer content while others 
have a relatively low content. Generally, the polymer 
molecules of low comcnomer content are relatively more 
crystalline and have a high melting temperature, whereas 

10 the high comonomer content polymer molecules are more 
amorphous and nelt at a lower temperature. The presence 
of a higher melting component is disadvantageous in many 
applications, for example where softness or clarity is 
desired. On che other hand, the presence of a lower 

15 welting ccmpcnent frequently results in a high quantity of 
extraccables, which limit food contact applications. 

Prior arr blends of polyethylenes designed to improve 
one or more of the properties of the blend relative to its 
>>lenG components or prior art polyethylene have also 

20 suffered from the drawbacks mentioned above. For example, 
incorporating a bl^rd component with a high average 
comonomer content to reduce crystallizability generally 
results in an increase of extractables and adversely 
affects other properties so that the full advantage of the 

25 blend is not realized. Thus, there is a need to provide 
ethylene interpolymer blends with superior properties and 
in which the full advantages of blending may be realized. 
Summary of the Invention 

The present invention provides a blend of ethylene 

30 interpolymer components with narrow molecular weight and 
composition distributions selected to obtain an overall 
molecular weight and composition distribution in the 
resulting blend to impart superior properties thereto. 
Broadly^ the blends of this invention comprise a plurality 

75 of linear ethylene interpolymer components wherein each 
component has a M^/Mj^ value less than or equal to 3 and a 
composition distribution breadth index (as later 
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described) of 50% or higher. The blend is substantially 
free of blend components having both a higher ' average 
molecular weight and a lower average ccmcnomer content 
than that of any other polyethylene component in the 
5 blend. The components for the blend can be selected so 
that the resultant blend has plural modality with respect 
to molecular weight distribution, comonoraer content, or 
both. 

In another aspect, the components for the blend are 

10 linear ethylene interpolymers having the narrow molecular 
weighc and composition distributions mentioned above and 
the blend components are selected from one of the groups 
consisting of: (1) linear ethylene interpolymer blend 
components having substantially the same average molecular 

15 weight but different average comonomar contents; (2) 
linear ethylene interpolymer blend components having 
substantially the same average cotnoncmer content but 
different average molecular weights; and (3) linear 
etiiyicne interpolymer blend components having different 

20 average molecular weights and comonomer contents in which 
the blend components, taken serially in order cf 
increasing average molecular weight, have an increasing 
comonomer content. 

In still another aspect, the linear ethylene 

25 interpolymer blend components have the narrow molecular 
weight and composition distribution mentioned above, and 
for the linear ethylene interpolymer blend components 
taken serially in order of increasing average molecular 
weight, ttien each succeeding component has substantially 

30 the same or a higher average comonomer content than each 
preceding component in said series. 

In another aspect, the invention provides a linear 
ethylene interpolymer having plural modality with respect 
to comonomer content, a narrow molecular weight 

35 distribution such that M^/M^ £ 3 and an overall 
composition distribution breadth index less than 50%. 



In still anothei: aspect, the invention provides a 
linear ethylene interpolyraer having plural modality with 
respect to molecular weight so that the blend has broad 
overall molecular weight distribution such that > 3 

and a composition distribution breadth index greater"than 
or equal to 50%. 

In still another aspect, the invention provides a 
linear ethylene interpolymer of plural modality with 
respect to both co.r.onomer content and molecular weighr, 
comprising a plurality of comporents having a narrow 
molecular weight distribution such that MyM s 3 for each 
fraction and each component taken serially in order of 
increasing average molecular weight, has an increasing 
average coracnomer content. 

In a still further aspect cf the invenxior., chers is 
provided a linear ethylene interpolymer blend of plural 
modality with respect to both coraono.T.er content and 
molecular weight which comprises a plurality of comoonents 
having a composition distribution breadth index of 50% or 
more, wherein the components taken serially in order of 
increasing comonoraer content, have an increasing flverac* 
molecular weight. 

Brief Description of the Drawings 

Fig. 1 is a schematic illustration of different 
blends made from poly(ethylene-co-(i -olefin) blend 
components having narrow molecular weight and composition 
distributions. 

Fig. 2 illustrates the broad molecular weight 
distribution and broad composition distribution of a 
typical prior art LLDPE. 

Fig. 3 illustrates the narrow molecular weight 
distribution and narrow composition distribution of an 
exemplary blend component used in the present invention. 

Fig. 4 illustrates the molecular weight distribution 
and composition distribution of an exemplary LLDPE blend 
according to an embodiment of the invention in which the 



blend ct»mponents ha V about the same molecular weight but 
differing comoncmer cont nts. 

Fig. 5 illustrates the molecular weight distribution 
and composition distribution of an exemplary LLDPE blend 
according to another embodiment of the invention in which 
the blend components have about the same cosonoraer content 
but differing molecular weights. 

Fig. 6 illustrates the molecular weight distribution 
and composition distribution of an exemplary LLDPE blend 
according to yet another embodiment of the invention in 
which the conomoner contents of the blend components 
increases as the molecular weight increases. 

Descriptior. of the Preferred Embodiments 

The linear ethylene interpolynter blend components in 
the present invention are higher interpolymers of a major 
proportion of ethylene and a minor proportion of 
comonomer. The ethylene is generally polymerized in a 
proiiortion of 70-100, typically 70-97, and often 70-SO, 
80-90 or 90-95, mole percent of the interpolyraerized 
monomers with 0-30, typically 3-30, and often 20-30, 10-20 
or 5-10, mole percent comcnomer. Contemplated blend 
components generally include elastomer blend components in 
the density range of about 0.85-0.900 g/cm^ , very low 
de.isity polyethylene blend components in the density range 
of about 0.900-0.915 g/cm^ , and linear, low density 
polyethylene blend components in the density range of 
about 0.915-0.940 g/cm^ . Ethylene interpolymers having a 
density in the high density polyethylene range above about 
0.940 g/cm* are also contemplated as being suitably 
employed in the invention. 

Suitable comonomers interpolymerized with the 
ethylene to obtain the ethylene interpolymer blend 
components herein generally include monomers which may be 
copolymerized with ethylene to obtain the molecular weight 
distribution amd comonomer distribution desired in the 
blend component. A preferred class of comonomers are the 
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a-olefins having 3 to ah ut 12 carbon atoms, such as 
propylene, 1-butene, 1-pentene, 1-hexene. 
3-methyl-l.pentene, 4-methyl-l-pentene, 1-octen , 
1-decene, 1-dodecane and the like. other suitable 
5 conononers include vinyl cyclohexane, norbomene, vinyl 
cyclohexene, and other diene comonomers such as 
1,3 -butadiene, 1,4-hexadiene, 4-methyl-l.4-hexadiene, 
5-methyl-l,4-hexadiane, 1. 5-h«xadiene and the like. The 
ethylene interpolymer may include one or more of such 
10 comonomers, i.e. it may be a copolymer, terpolymer. etc. 

The molecular weight of the LLDFE blend components 
may ra.'ige front one thousand to one million or more 
depending on the particular end use, preferably 10<-10«, 
and especially 2 x 10* - S x 10*. As used herein, the 
15 terriis "average colecular weight" and "molecular weight" 
refer to weight average molecular weight unless otherwise 
indicated. The linear polyethylene blend components 
preferably have a narrow molecular weight distribution 
(MWD). By "narrow mv.T)» is meant that the ratio of the 
ro weight average Kclecular weight (M^) to the number average 
TPclecular weight (M^^) is less than or equal to 3.0. 
Particularly preferred are the linear polyethylene blend 
components having a very narrow WrfD, i.e. M^M^^ less than 
or equal to 2.S, and especially less than or equal to 2.0. 
2S Molecular weight distributions of ethylene interpolymers 
are readily determined by techniques known in the art, 
such as, for example, size exclusion chromatography. 

The linear polyethylene blend components preferably 
have a composition distribution (CD) such that the 
30 composition distribution breadth index (CDBI) is at least 
50%. The CDBI is defined as the weight percent of the 
copolymer molecules having a comonomer content within 50 
percent of the median total molar comonomer content. The 
CDBI of linear polyethylene, which does not contain a 
3L comonomer, is defined to be 100%. The CDBI of a copolymer 
is readily calculated from data obtain d from techniques 
known in the art, such as, for example, temperature rising 
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clution fricti nation as described, for example, in U.S. 
Patent Applicati n Serial No. 151,350 or in Wild et al., 
J. Poly. Sci, Poly. Phys . Ed. , vol. 20, p. 441 (1982). 
Unless otherwise indicated, terms such as "comonomer 
5 content", "average comonomer content" and the like refer 
to the bulk comonomer content of the indicated 
interpolymer blend, blend component or fraction on a molar 
basis. 

A graphical illustration of an exenplary narrow mwd, 

10 narrow CD blend component is seen in Fig. 3. In this 
three-dimensional figure, the Y-axis is the molecular 
weight, the X-axis is the molar comonomer content, and the 
Z-axis represents the incidence or weight proportion of 
molecules- As can be seen, the MWD and the CD of the 

15 blend component are narrow and appear as relatively sharp 
peaks in Fig. 3. In contrast, the MWD/CD diagram for a 
typical conventional LLDPE seen in Fig. 2 shows a broad 
MWD and a broad CD, and the comonomer content tends to 
decrease as the molecular weight increases. 

20 In the blends of the present invention, one or more 

of ths properties of the blend are improved by appropriat^i 
selection of narrow MWD, narrow CD blend components. In 
cne embodiment, for example, tear strength may be 
controlled by blending linear polyethylene resins having 

25 about the same average molecular weight but with different 
average comonomer contents. .Such a blend is illustrated 
as line B in Fig. 1. In another embodiment, the comonomer 
contents of the linear polyethylene blend components are 
the same, but molecular weights are varied, as illustrated 

30 by line C in Fig. 1. In still further embodiments 
illustrated by lines D, E and F in Fig. 1, the blend 
components taken serially in order of increasing molecular 
weight, or in order of increasing molar comonomer content, 
have the same or higher comonomer content or molecular 

35 weight, respectively. 

As used herein, two or more blend components have 
substantially the same molecular weight if the resulting 
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MWD of the blend thereof is similarly narrow to the MWD of 
each blend component, i.e. the value of My/M^ of the 
resulting blend is less than or qual to about 3.0, 
preferably less than about 2.5. Conversely, two or more 
5 blsnd components have & different average molecular weight 
if the overall M^^^^ of the resulting blend is relatively 
greater than for each such blend component, i.e., the 
M^^/M^ of the blend is greater than 3.0. As used herein, 
two or more blend components have a different comonomer 

10 content if the overall CDBI of the resulting blend is 
relatively less than that of each such blend component, 
i.e., the overall CDBI of the blend is less than 50%. 
Conversely, two or more blend components have 
substantially the same molar comonomer content if the 

15 resulting CD of the blend thereof is similarly narrow with 
respect to each blend component, i.e., the resulting blend 
has a CDBI of 50% or greater. It is readily appreciated 
that the CD and KWD of a blend can depend on the relative 
proportions of each blend component employed therein. 

20 It is specifically contemplated that blend components may 
have the "same" ffiClecular weight for pui-poses of one 
blend, but not for the purpose of another blend, e.g. 
wherein the components would result in the blend having an 
MWD less than or greater than 3.0 depending on the 

25 proportion of each blend component. Similarly, blend 
components may have a "different" comonomer content for 
purposes of one blend, but not for the purposes of another 
blend, e.g. wherein the components would result in the 
final blend having CDBI less than or greater than 50% 

30 depending on the proportion of each blend component. 

The molecular weight and composition distribution of 
a bimodal blend of the invention is illustrated 
graphically in Fig. 4. It is seen from this MWD/CD 
diagram that the comonomer content of ach of the bl nd 

35 components is different, while the molecular weight of 
each blend component is ab ut the same. This blend 
corresponds to line B of Fig. 1. In contrast, a similar 
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graph for typical conventional LLDPE is seen in Fig. 2. 
and line A of Fig. 1, and shows that the lower molecular 
weight fractions contain acre of the cooonomer than the 
higher molecular weight fractions. The lower molecular 
weight aolecules which contain relatively high comonomer 
concentrations as in this conventional LLDP£ can cause 
undesirable effects such as poor surface properties, high 
block and tackiness, cling development, high levels of 
extractables, and fouling of polymerization plants. In 
the present invention, such effects are minimized and 
properties are enhanced by providing blends of the tj-pe 
illustrated in Curve B, C, D, E, and F. 

As an example of the embodiment of Curve 3, it has 
been found that a 50-50 bland of a first LLDPE having a 
6.4 inole% l-butene content and a of 80,400 (M^^ = 2.3 
CDBI = -67%; MI 4.0 dg/min; density 0.9042 g/cn^ ) with a 
HDPE having a 0.0 mole% 1-butene content and a M of 
76,700 {M^^_ = 2.8; CDBI = -100%; MI 5.0 dg/min; density 
0.9552 g/cm^ ) has an Elmendorf tear strength of 210 g/nil, 
synergistically enhanced in contrast to the tear strengths 
of 111 and 43 g/mil for the respective first and second 
blend components. Further, a 25-75 blend of these same 
components has a further enhanced Elmendorf tear strength 
of 227 g/mil. This result is quite surprising and 
unexpected because including a higher proportion of the 
second LLDFE resin with the lower tear strength in the 
blend increases the tear strength of the resulting blend, 
rather than decreasing the tear strength as would be 
expected. 

In another embodiment exemplified in Fig. 5 and line 
C of Fig. 1, a multimodal MWD is obtained by blending 
linear polyethylene components having narrow molecular 
weight and composition distributions, and about the same 
comonomer content, but differing molecular weights. -.The 
molecular weight distribution of such blends improves the 
melt processsibility and rheological characteristics 
thereof, for example, high extrusion rates, high bubble 
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stability, high sh ar sensitivity, reduced draw resonance. 
On the other hand, the optical properties of mechanical, 
surface and individual blend c mponents are g nerally 
substantially retained or ioproved in the blend thereof, 
including, for exaaple tear strength, modulus, yield 
strength, reduced bloc'^ing, clarity, gloss, haze and the 
like. Moreover, such blends have lower portions of 
soluble molecules than prior art copolymers having siailar 
molecular weight distribution. Desirable molecular weight 
and composition distributions may be obtained by blending 
different components, or by polymerization of the blend 
components simultaneously in the same reactor or in 
multiple reactors. 

The higher molecular weight fraction containing 
relatively less comonomer as in conventional LLDPE may 
cause an anisotropic morphology during fabrication 
processing known as "row nucleated" or "shish-ka-bob" 
morphology. This anisotropic morphology is believed to 
contribute to poor toughness in articles crystallized from 
flowing melts. In the present invention, the anisotropy 
may be luinimiz^d oy providing a blend with lower 
concentrations of such higher molecular weight molecules 
with a relatively low comonomer content and by 
incorporating the comonomer in the blend components as 
indicated in blend B, c, D, E and F. 

In another embodiment as exemplified by Fig. 5 and 
line D of Fig. 1, the blend includes components having 
narrow molecular weight and composition distributions, but 
differing average molecular weights and average comonomer 
contents. However, in contrast to conventional LLDPE as 
illustrated in line A of Fig. 1 and in Fig. 2, the blend 
of this embodiment has a greater comonomer content in the 
higher molecular weight fractions or blend components than 
in the 1 w r molecular weight fractions or blend 
components. These distributions are obtained, for 
exampl , by blending narrow MWD, narrow CD linear 
polyethylene resin* which, taken serially in order of 
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Increasing molecular weight, have an Increasing c monomer 
content. It is also contemplated that the blend may 
include two or more blend components having the sane 
molecular weight as illustrated by line F in Fig. 1, in 
5 which case such components would be included in the serial 
ordering secondarily in order of their increasing average 
comoncmer content. Also, the presence of two or more 
blend components having the saae comonomer content is also 
contemplated as being within the purview of this 

10 embodiment, as illustrated by line E in Fig. 1, provided 
that there is included either at least one blend component 
having a higher comonomer content and molecular weight or 
at least one blend component having a lower comonomer 
content and lower molecular weight than any of the blend 

15 components having the same comonomer content. In this 

embodiment, the blend is preferably substantially free of 
blend components having both a higher molecular weight and 
a lower comonomer content than any component present in 
the blend. 

20 Such a blend has properties which are significantly 

ditf^rrent from prior art blends and conventional LLr^P£ 
resins in which the comonomer content generally decreases 
in proportion to increasing molecular weight components or 
fractions. The isotropy and toughness of films made from 

25 such blends are improved by minimizing the anisotropic 

shish-Jca-bob or row-nucleated morphology ordinarily caused 
by a low concentration of comonomers present in the higher 
molecular weight molecules in convencional LLDPE resins. 
Moreover, such blends have desirable properties such as, 

30 for example, reduced blocking, reduced coefficients of 
friction, and lower extractables, in comparison to 
conventional LLDPE resins. 

The linear polyethylene blend components of the 
invention may be prepared by use of catalyst systems of 

35 the metallocene type known to provide narrow CD/MWD 
resins. Cyclopentadienylide catalyst systems using a 
metailocene complex in conjunction with an aluaoxane 
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cocatalyst or reaction product thereof are suitable for 
preparing the polymer components utilized in the blends of 
the invention. The metallocene catalyst may be 
represented by the general formula (Cp)jjjKR^R' wherein C 
is a substituted or unsubstituted cyclopentadi^enyl ring; M 
is a Croup IVB, or \-3 transition isietal; R and R» are 
independently selected halogen, hydrocarbyl group, or 
hydrocarboxyl groups having 1-20 carbon atcns; m = 1-3, 
n = 0-3, p = 0-3, and the su^u of m + n * p equals the 
oxidation state of M. Various forms of the catalyst 
system of the metallocene typ^i may be used for 
polymerization to prepare the polymer coapcnents of the 
present invention including those of the homogenous or the 
heterogeneous, supported catalyst type wherein the 
catalyst and alumoxane cocatalyst arc together supported 
or reacted together onto an inert support for 
polymerisation by gas-phase, high pressure, slurry, or 
solution polymerization. 

The cyclopentadienyls of the catalyst may be 
unsubstituted or substituted with hydrogen or hydrocarbyl 
radical,. The hydrocarbyl radicals may include alkyl, 
alJcenyl, aryl, alkylaryl, arylalkyl, and like radicals 
containing from about 1-20 carbon atoms or where 2 carbon 
atoms of cyclopentadienyl are joined together to form a 
C4-CS ring. Exemplary hydrocarbyl radicals include 
methyl, ethyl, propyl, butyl, amyl, isoamyl, hexyl, 
isobutyl, heptyl, octyl, nonyl, decyl, cetyl, 
2-ethylhe.xyl, phenyl and the like. Exemplary halogen 
substitue.nts include chlorine, bromine, flourine and 
iodine. Of these halogen atoms, chlorine is preferred. 
Exemplary hydrocarboxy radicals are methoxy, ethoxy, 
propoxy,- butoxy, anyloxy and the like. Illustrative, but 
non-limiting examples of the metallocene catalyst useful 
in preparing the polymers of the present inv ntion include 
bis ( cyclopentadienyl ) titanium dimethyl , 
bis ( cyclopentadienyl ) titanium diphenyl , 
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bi8(cyclopentadienyl) zirconium dimethyl, 
bi s ( cyclopentadienyl ) zirconium diphenyl , 
bis(cyclopentadienyl)hafnium dimethyl and diphenyl, 
bis (cyclopentadienyl ) titanium di-neopentyl , 
5 bi3(c7clopentadienyl)zirconiua di-neopentyl, 
bis{cyclopentadienyl )titanium dibenzyl, 
bis ( cyclopentadienyl )zirconiuffl dibenzyl , 
bis ( cyclopentadienyl )vanadiuiE\ dimethyl; the mono alkyl 
metallocenes such as bis ( cyclopentadienyl ) titanium methyl 

10 chloride, bis (cyclopentadienyl) titanium ethyl chloride, 
bis ( cyclopentadienyl )titdniajn phenyl chloride, 
bis ( cyclopentadienyl )zirconiua methyl chloride, 
bis { cyclopentadienyl )zirconium ethyl chloride, 
bis (cyclopentadienyl) zirconium phenyl chloride, 

15 bis ( cyclopentadianyl ) titanium inethyl bromide, 
bis (cyclopentadienyl) titanium methyl iodide, 
bis (cyclopentadienyl) titanium ethyl bromide, 
bis ( cyclopentadienyl ) titanium ethyl iodide, 
bis (cyclopentadienyl) titanium phenyl bromide, 

20 bis(cyclopent?.dienyl)titaniuin phenyl iodide, 

bis (cyclopentadienyl jzirconium methyl bromide, 
bis (cyclopentadienyl )zirconium methyl iodide, 
bis ( cyclopentadienyl ) zirconium ethyl bromide, 
bis ( cyclopentadienyl )zirconium ethyl iodide, 

25 bis (cyclopentadienyl) zirconium phenyl bromide, 

bis (cyclopentadienyl) zirconium phenyl iodide; the trialkyl 
metallocenes such as cyclopentadienyltitanixiin trimethyl, 
cyclopentadienyl zirconium triphenyl, and cyclopentadienyl 
zirconium trineopentyl , cyclopentadieny Izirconium 

30 trimethyl, cyclopentadienylhafnium triphenyl, 
cyclopentadienylhafnium trineopentyl, and 
cyclopentadienylhafnium trimethyl. 

Other metallocenes which nay be usefully employed to 
prepare the polymer components of the invention include 

35 the monocyclopentadienyls titanocenes such as, 
pentamethylcyclopentadienyl titanium trichloride. 
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p ntaethylcyclopentadienyl titanium trichloride; 
bis(pcntanethylcyclopentadienyl) titanium diphenyl, the 
carbene represented by the fomula 

bis(cyclopentadienyl)titaniujn-CH2 and derivatives of thie 
S reagent such as bis(cy :lop5intadienyl )li^CBz -AlCCHj , 
(CpiTiCH^ )2 . CpiTiCHjCHCCHa )CBz , CpaTi-CKCH^CHi ; 
substituted bis (cyclopentadienyl) titanium (IV) compounds 
such as: bis (indenyl) titanium diphenyl or dichloride, 
bis (methylcyclopentadienyl) titanium diphenyl or dihalides; 

10 dialkyl, trialkyl, tetra-alkyl and penta-alkyl 
cyclopentadienyl titanium compounds such as 
bis ( 1 , 2-dimethylcyclcpentadienyl ) titanium diphenyl or 
dichloride, bis (1,2-diethylcyclopentadienyl) titanium 
diphenyl or dichloride and other dihalide complexes; 

iS silicon, phosphine, amine or carbon bridged 
cyclopentadiene complexes, such as dimethyl 
silyldicyclopentadienyl titanium diphenyl or dichloride, 
methyl phosphine dicyclopentadienyl titanium diphenyl or 
dichloride, methylenedicyclopentadienyl titanium diphenyl 

20 or dichloride and other dihalide complexes and the like. 

A<J'1itional zirconocane catalysts useful accordiny to 
the present invention include bis (cyclopentadienyl ) 
zirconium dimethyl; bis (cyclopentadienyl) zirconium 
dichloride, bis (cyclopentadienyl) zirconium 

25 methyl chloride , pentamethylcyclopentadienyl zirconium 
trichloride, pentaethylcyclopentadienyl zirconium 
trichloride, bis (pentamethylcyclopentadienyl ) zirconium 
diphenyl, the alkyl substituted cyclopentadienes , such as 
bis ( e thylcyclopentadienyl ) zirconium dimethyl , 

30 bis (p-phenylpropyl cyclopentadienyl ) zirconium dimethyl, 
bis (me thylcyclopentadieny 1 ) zirconium dimethyl , 
bis ( n-butyl-cyelopentadienyl ) zirconium dimethyl , 
bis (cyclohexylme thylcyclopentadieny I) zirconium dimethyl, 
bis (n-octyl-cyclopentadienyl) zirconium dimethyl, and 
5 haloalkyl and dihalide complexes of the above; di-alkyl, 
trialkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, 
uMch as bis(pentameuhylcyclopcatadieiiyl)zirconium 
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di-mcthyl , bi5( 1 , 2*dxmethylcyclopentadienyl ) zirconium 
dimethyl and dihalide complexes of the above; silicon, 
phosphorus, and carbon bridged cyclcpentadiene complexes 
such as dimethylsilyldicyclopentadienyl zirconium dimethyl 
or dihalide, and methylene dicyclopentadienyl zirconixxm 
dimethyl or dihalide r and methylene dicyclopentadienyl 
ethylene bridged bis( tetrahydroindenyi) zirconi\im dimethyl 
or dihalide, carbenes represented by the fomula 
Cp2 2r=CHP(CeHs )2CH3 , and derivatives of these compounds 
such as Cp 2 Zr CHi CH { CH3 ) CH ? • 

Bis ( cyclopentadienyl )haf niuni dichloride , 
bis ( cyclopentadienyl ) vanadium dichloride and the like are 
illustrative of other metallocenes . 

The alumoxanes are polymeric alu.T*inu.-n compounds which 
can be represented by the general forn:uUe (R-Al-O)^ vhich 
is a cyclic compound and R{R*Al-0-)^AIR2 , which is a 
linear compound. In the general forr.ula R is a C1-C5 
alkyl group such as, for example, methyl, ethyl, propyl, 
butyl and pentyl and n is an integer from 2 to about 20. 
Generally, in the preparation of aluaoxanes from, for 
example, aluiainum trimachyl and watsr, a mixture of the 
linear and cyclic compounds is obtained. 

The alvimoxane can be prepared in various ways. 
Preferably, they are prepared by contacting water with a 
solution of aluminum triallcyl, such as, for example, 
aluminum tri.raethyl, in a suitable organic solvent such as 
benzene or an aliphatic hydrocarbon. For example, the 
aluminum alkyl is treated with water in the form of a 
moist solvent. In an alternative method, the aluminiim 
alkyl such as aluminum trimethyl can be desirably 
contacted with a hydrated salt such as hydrated copper 
sulfate. 

Pr ferably, the alumoxane is prepared in the- presence 
of a hydrated ferrous sulfate as described in U.S. Patent 
4,665,208. The method comprises treating a dilute 
solution of aluminum trimethyl in, for exampl , toluene, 
with ferrous sulfate represented by the general formula 
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FeS04.7H20. The ratio f f rrous sulfate to aluminum 
trimethyl is desirably about 1 mole of ferrous sulfate for 
6 to 7 moles of aluminum trimethyl. The reaction is 
evidenced by the evolution of methane. 
5 The ratio of aluminum in the aluinoxane to total metal 

ia. the metal locenes can be in the range of about 0.5:1 to 
about 10,000:1, and preferably about 5:1 to about 1000:1. 

Various inorganic oxide supports may be used for 
supported catalyst systems to prepare interpolymers and 
10 blend coraponents of the present invention. The 

polymerization is generally carried out in the temperature 
range of about 0-160'C, or even higher, but this range is 
not meant to be exclusive for preparing the interpolymar 
and blend components of the invention, which may be 
IS prepared by any technicfae resulting in the structure set 
forth. Ataospheric, sub-atmospheric, or super-atmospheric 
pressure conditions have been used for the polymerization 
using the metallocene catalyst described abcve. it is 
generally preferred to use catalyst compositions at a 
20 concentration so as to provide from about 1 ppm to about 
5000 pptn. most preferably 10 ppm to 300 ppm, by weight of 
transition metal based on the weight of monomers in the 
polymerization of the ethylene polymers. 

A slurry polymerization process generally uses 
25 super-atmospheric pressures and temperatures in the range 
of 40-110*c. In a slurry polymerization, a suspension of 
solid, particulate polymer is formed in a liquid 
polymerization medium to which ethylene a.nd comonomers and 
often hydrogen along with catalyse are added. The liquid 
30 employed in the polymerization medium can be alkane or 
cycloalkane, or an aromatic hydrocarbon such as toluene, 
thylbenzene or xylene. The medixua employed should be 
liquid under the conditions of polymerization and 
relatively inert. Preferably, h xane or toluene is 
employed. 

In a modifica'tion, the polymer components of the 
present invention may be formed by gas-phase 
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polymerization. A gas-phase process utilizes 
super-atmospheric pressure and temperatures in the range 
of about S0*-120*C. Cas-phase polymerization can be 
perfomed in a stirred or f luidized bed of catalyst and 
S product particles in a pressure vessel adapted to permit 
the separation of product particles from unreacted gases. 
Thermostated ethylene, comonomer, hydrogen and an inert 
diluent gas such as nitrogen can be introduced or 
recirculated so as to maintain the particles at a 

10 temperature of S0*'-120*^C. Triethylaluminua may be added 
as needed as a scavenger of water, oxygen, and other 
adventitious impurities. Polymer product can be withdrawn 
continuously or semi-continuously at a rate such as to 
maintain a constant product inventory in the reactor. 

15 After polymerization and deactivation of the catalyst, the 
product poly7r.er can be recovered by any suitable means. 
In ccrnmercial practice, the polymer product can be 
recovered directly from the gas phase reactor, freed of 
residual moncmer with a nitrogen purge, and used without 

20 further deactivation or catalyst removal. The polymer 
obtained car* be extruded into water and cut into pellets 
or other suitable comminuted shapes. Pigments, 
antioxidants and other additives may be added to the 
polymer, as is known in the art. 

25 The blends of the present invention are prepared by 

blending the desired components in the desired proportions 
using conventional blending, techniques and apparatus, 
such as, for example, screw- type extruders, Sanbury 
mixers, and the like. Alternatively, the blends iaay be 

30 made by direct polymerization, without isolation of the 
blend components, using, for example, two or more 
catalysts in one reactor, or by using a single catalyst 
and two or more reactors in series or parallel. The blend 
may also be compounded with various conventional additives 

35 known in the art such as, for example, antioxidants, UV 
stabilizers, pigments, fillers, slip additives, block 
additives, and the like. The blend preferably does not 
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contain any blend components in proportions which would 
significantly adversely affect any improved properties 
desired to be btained by blending the LLDPE r sins. 

The invention is illustrated by way of the following 
examples: 

Example 1 

An ethylene homopolyoer resin, identified as »006. 
having characteristics shown in Table 1, was prepared in a 
gas phase reactor employing a silica supported transition 
metal catalyst described below. 

The gas phase reaction was carried out at 185»F 
reaction temperature. 195 psi ethylene pressure, a 
hydrogen/ethylene sole ratio of 0.00041, and a residence 
time of 2 hours. A second polymer, an ethylene/butene-1 
copolymer identified as '013, having characteristics shown 
in Table 1 was prepared in the gas phase reactor using the 
same supportevi catalyst as described below. The gas phase 
reaction was carried out at 140 T reactor temperature, 195 
psi ethylene pressure, a hydrogen/ethylene mole" ratio of 
0.00061. a butene-l/ethylene mole ratio of 0.123. and a 
residence time of 2 hours. 

The silica supported transition metal catalyst was 
obtained as follows: 

100 grams of high surface area (Davison 952) silica, 
dehydrated in a flow of dry nitrogen at 800»c for 5 hours, 
was slurried with 500 cc of toluene at 25»C under nitrogen 
in a 2500 cc round-bottom flask using a magnetic stirrer. 
250 cc of methyl alumoxane in toluene (1.03 mole/liter in 
aluminun) was added dropwise over 15 minutes with constant 
stirring to the silica slurry. Stirring was continued for 
30 minutes while maintaining the temperature at 25*C. To 
the aluaoxane treated silica slurry was added dropwise 
over 15 -minutes, with constant stirring 250.0 cc of 
toluene solution containing 2.00 grams of 
bis{n-butylcyclopentddienyl)iirconiu« dichloride. This 
slurry was stirred an additional one half hour while 
maintaining the temperature at 65*C and thereafter the 
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toluene W4s decanted and the solids recovered and dried in 
vacuo for 4 hours. Analysis of the catalyst indicated 
that it contained 4*5 wtX aluminum and 0-63 wt% zirconium. 

Resins '006 and "OlS were then intensively mixed at 
5 360*F in equal proportions in a Banbury melt blender along 
with 1000 ppm each of the staJiilisers Irganox 1076 and 
Irgafos 168. The molten blend from the Banbury was 
transferred to a roll mill, made into a thin sheet and 
then cooled to room temperature. The cold sheet was then 
10 chopped into approximately 1/8 inch chips. 

Characteristics of this blend, identified as Blend Bl, are 
given in Table 1. 

Compression molded sheets, five thousajidth of an inch 
in thickness, were prepared by melting the chopped blend 
15 at 160*C in a press, compressing to 20 tons pressure for 5 
minutes and then cooling the biend under pressure to room 
temperature at a rate of 15*C per minute. Properties of 
the molded sheet specimen are shown in Table 2. 

Example 2 

20 A second compression molded sheet was prepared and 

tested as in Exa^mpie 1, from the resins described in 
Example 1, except that the blend which is identified as 
Blend B2, consisted of one part '006 and three parts »013. 
Characteristics of Blend B2 are given in Table 1, 

25 properti>5s of Blend B2 are given in Table 2. 

TABLE 1 
POLYMER CHARACTERIZATION 

SdopU KoleX Buceae* Hw^ Hv/Hn^ Density^ Melt lodex^ CDBI* 

OesigoatioQ 



'006 




0.01 


76,700 


2.8 


0.9552 


5.0 


lOOX 


•013 




6.4 


30,400 


2.3 


0.9042 


4.0 


67X 


Blend 


Bl 


2.7 


76.500 


2.4 


0.9335 


4.4 


25X 


Bleod 


32 


4.9 


V6,90O 


2.3 


0.5172 


4.3 


441 



• . By C-13 KMR 

3S b. Weight average molecular weight (Mw), aad ratio of auaber average 
aolecular weight (Ma)» h'w/Hs by si^e ezclusioo cbrooatography. 
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e. Oeasity by gradieet c lufflo eetbod. ASTTI DISSS, f/cra^ 

d. Helc index by ASTM DI73S C oditiea E, d(/aiQ 

. GOBI, cospositiea discributi a breadth lodex, is defined as tb weight 
percent of polyaer b leeules having < cooonomer concent within 50X f the 
5 aedian t tal b lar eoa nes r c ntent CDBZ; f HDPE it defioed to be 

1001. Oettnined u»iag tesperature rising clutien frsetieaatien 
using tetra-chloroethylene solvent over a 6*C to 120»C tcaperature rasce 
as described in U.S. Patent Application Serial Nuaber 151,350. 
See also Wild, et al» J\ Poly. Sci. Ed, Vol. 20, p 441 (!982). 

J O ' TABLE 2 

TLAJ. Am TENSILE ST^NCTH OF MOtUED SHEET 

Sample Tear Tensile Strength^ Elongation^ Modulus^ 

Desigoatioo Streogtb* g Yisld g Break g field g Break Secant Taogeot 

'006 6S 3660 psi 840 181 7101 127,000 153,000 

15 '013 111 800 3230 70 1830 165,000 

Blend 31 210 1900 2870 23 1620 70,600 76. COO 

Bleed B2 227 1330 3030 28 1530 37,700 42,000 

e. Tear strengui, ia g/oil, eeasured using ASTM 1922, tear resistance 
by peadulua setbod 

20 f. Tensile strength, elongation, and modulus measured using ASTM D638 
Exartple 3 

Polymers used as blend components were synthesized by 
a procedure siailar to that described below for Run 03. A 
■stainless st^el, 1-litsr 2ippercl«ve autoclave reactor was 

25 used in the syntheses. The reactor was equipped with a 
water jacket for heating and cooling, a septum inlet for 
injection of liquid components, a burette for measuring 
and adding purified hexane, and a controlled pressure 
source of purified ethylene auid nitrogen. Polymerization 

30 reactions were started by cleaning the reactor and purging 
it with purified nitrogen for several hours. 800 cc of 
purified hexane was added to the reactor vessel at 25*C by 
means of the measuring burette.- 100 cc of purified 
1-hexene was then added under nitrogen, and the contents 

35 of the reactor were continuously stirred at 1200rpm 
henceforth. 10.0 cc of the 10 wt% solution of 
aethylalumnoxane was added by syringe, and the reactor 
temperature was equilibrated at the reaction temperature 
f 60*c. Hydrogen was not used in this exa^nple 
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it is added at this time in the examples which do use it. 
Hydrogen was metered into the reactor from a vessel of 
known volume equipped with a highly precise pressure 
gauge. The ideal gas law was used to calculate uie 
5 millimoles of hydrogen introduced into the reactor. 
1,00 cc of a solution of 0.01 
bis(n-butylcyclopentadienyl) zirconiua dichloride in 
distilled toluene was then injected by syringe, followed 
by pressurization immediately with 90.9 psi of purified 

10 ethylene. Ethylene was fed continuously on demand to the 
stirring reactor while maintaining the reaction 
temperature at 60*C and the reaction pressure at 90 psi. 
After 10 minutes of polymerization the reaction was 
stopped by rapidly cooling and venting the pressure and 

15 exposing the contents to air. The pol^.'mer was obtained by 
evaporating the liqfuid components and drying in a vacuum 
oven for 1 hour. The poly(ethylene-co-hexene-l ) polymer 
obtained, which is identified as C03 , was obtained in 89.7 
yield. 

20 Other polymerizations runs were pe^rfcrmed using the 

procadure aJjove with 'che exception that the volumes, 
temperatures, and other polymerization conditions were 
modified as shown in Table 3. Characterization data for 
the blend components are given in Table 4. 

25 Blends 8A, 9D, 20C, 21F and 22E were each prepared 

using equal quantities of three blend components. (The 
letter designation in these blends corresponds to the type 
of blend illustrated iii Figure 1.) Blend components for 
each of the blends are given in Table 4, and they were 

30 blended by the following solution blending procedure using 
ca. 14 g. of each blend component. 2000 cc of xylene was 
purged with nitrogen for one hour, the three blend 
components were added, and the mixture was stirred and 
heated to 144*C to dissolve tiie polymers. The polymer 

35 solution was then cooled to 70**C, and 2000 cc of methanol 
was added to precipitate the polymer. The mixture was 
then cooled to 22**C, and the precipitated polymer was 
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filtered and dried in a vacuum ven. Average composition, 
composition distribution breadth index, molecular weight 
data, and density of the blends are listed in Tabl 4. 

Compression molded sheets, five thousandth of an inch 
S in thietoess, were prepared by melting the blended 

polyrjers in a press, compressing to 20 tons pressure for 5 
minutes and then cooling the blend under pressure to room 
temperature. Properties of the molded sheet specimen are 
shown in Table 5 for blends 8A, 9D, 20C, 21F and 22E. The 

10 fraction of polymer extracted by hexane at 69*C is also 
given for the blends. 

Table 5 shows that the tear strength of blends 9D, 
20C, 21F and 22E, i.e., blends having novel 
composition-molecular weight distributions, are each 

IS superior to that of blend 8A, which has a 

conventional -type composition-molecular weight 
distribution. In many applications it is desirable to 
have low levels of extractable polymer, and zJne table 
shows that blends 9D, 20C, 21F, a^d 22E are markedly 

20 superior to blend 8A in this respect. Moreover, tensile 
properties such as tensile strength at yield of the 
conventional-type blend 8A are generally comparable to the 
tensile strengths of the other blends. Consequently, the 
benefits of high tear strength and low levels of 

2fi extractables can be achieved without undue loss of tensile 
properties. 

This example illustrates the benefits obtained by 
certain novel compositiou-raolecuiar weight distributions 
differing from the conventional type. Thus, blends SD and 

30 20C have similar average molecular weights and molecular 
weight distributions. Conse<iuently, flow and melt 
fabrication performance of these blends should be similar 
to that of the conventional- type blend 8A. Therefore, the 
desiraQ>le mechanical and solubility properties of blends 

35 9D and 20C are not obtained at the expense of fabrication 
performance. Additionally, blends 21F and 22E have ouch 
lower weight average molecular weight than blend 8A, and 
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they should therefore be more easily fabricated into 
articles of conucerce such as films, fibers and molded 
objects. 

In suiaaary, in the blends of this example (Type c, D, 
5 E and F blends) the average molecular weight and molecular 
weight distribution can be manipulated independently of 
the composition distribution. Superior solid state 
performance can therefore be achieved without sacrificing 
melt fabrication performance. 



iO TABLE 3 



POLYMERIZATION COKDITTOSS 









C2 








Catalyse 








Zitiea 


Reac^loQ 


Press . 


Tioe 


Kexaoe 


1-Hexeae 


Solu. 


Yield 


H 




R>-n Ko. 


Tecc.-C 


(?si) 


(nin. ) 


(cc) 


(cc) 




JE_ 
89.7 


B Q 


15 


03 


60 


90 


10 


800 


100 


1.0 






09 


80 


60 


10 


800 


75 


l.O 


36.6 






15 


80 


60 


15 


800 




1.0 


47.0 


10 




19 


80 


60 


60 


800 


75 


0.25 


44 . 2 


5 








60 


/ e 


SCO 


150 


0.50 


96.5 




20 


30 


7S 


75 




800 


87.5 


0.55 


86.3 






33 


60 


130 


A 


300 


150 


0.20 


89.5 








60 


bO 


30 


800 




1.0 


31.0 






48 


70 


170 


0 


300 


cr\n 


0.5 


114. 0 






64 


63 


3c: 


60 




800 


0.05 


53.0 
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TAPLE 4 

POLYMER CH>^CTIP.!2ATI0K OF BLENDS AKD 81Z.VD CQMPOWgVTS 



C27 
C30 
C42 

Slead 8A 



CIS 

10 C30 
C64 



77X 
8i 

(c) "'^ "!'«^^ 100 

24 

100 
81 



Blend 9D^^^ 



CI 9 
"30 

15 C38 



CIS 
C09 
CO 3 



CIS 
C09 
C43 



Mole X 


v.* J 






Hexeae 






O • 1 


1 ^ inn 


1.9 


* * 


2.0 


4^,800 


1.9 




0.0 


259,000 


2.0 


• * 


2.7 


113. OCO 


9.0 




U . Q 


Ij.wOO 


2.7 


• • 


2.0 


48,000 


1.9 




4.2 


223.000 


2.2 




2. I 


95,600 


9.3 


0-940 


2 . 3 


13 ,600 


1.9 


* • 


2.0 


48,800 


1.9 




2.2 


240,000 


2.2 




2.3 


94.800 


8.8 


V , J J ^ 


0.0 


13,400 


2.7 




3.0 


52,000 


2.4 




3.1 


121 ,000 


2.2 






62,000 


6.4 


0.946 


0.0 


13,400 


:.7 




3.0 


52,000 


2.4 




7.2 


50,000 


1.9 






/ f u w w 


/ ^ 





42 

70 
81 



(e) 

Blend 20C' 2.3 94,800 8.8 0.932 64 



100 
79 



20 Blend 2ir^'' 62.000 6.4 n oiA 45 



100 
79 

(q) ^y.uuo 1.9 75 



25 (a) Calculated froo absorbance of 1378 cn'^ ZR baad using spectral 
substractioQ to correct f(jr overlap of aojacent IK bauds. 
Residual peak at 1378 cai was converted to hexene content 
using calibration obtained by C13 NKR analysis of 
poly(etbylene-co-hexenes) . 

30 (b) Saffle as in Tsble 1 

(c) Blend SA consisted of equal quaotities of C27, C30 and C42 

(d) Blend 9D consisted of equal quantities of CIS, C30 and C64 

(e) Blend 20C consisted of equal quantities of C19, C30 and C38 

(f) - Blend 21F consisted of equal' quantities of CIS, C09 and CO? 
35 (i) Blend 22E consisted of equal quantities cf CIS, CCj9 and C48 

Ch) Blend coopooeats in this table are identified by the letter C 
followed by the correspoodiog polyoerization run number froo 
Table 3. For example, blend cooponent C27 was obtained frca 
polyoecizatioa run 27. 
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TABLI 5 
PROPERTIES OF MOLDED SHEET 



Siwple 

BUad 8A 
Blead 90 
Blend 20C 
Blead 2 IF 

BlcQd 22£ 



Tear Streogth 

68 

241 
626 
205 

107 



Teasile Streogth 
•t Yield, pti 

177C 

isao 

1400 
2050 
2050 



Kexane EstrsctAble 
Polvaer % 

22 

3.9 

6.3 

4.5 

6.7 



10 (a) Tear strength measured by ASTM 1922, tear resistance by 
peadulua method, 
(b) Tt^Rsile strength at yield measured using ASTH D638. 
Cc) Extractables were determined ss foilovs. About 0.5 g of 

polyicer molded sbeec, ca. 5 mil thick, was weighed and placsd 

lb in a weighed cellulose extraction thieble. The thimble and 

polyoer were placed in a vapor jacketed Soxlet-type extractor, 
and the polymer was extracted with condensed vapors of boiling 
hsx2ce at 69*C for 16 hours. The tniable and residual poiyaer 
were removed, dried m a vacuus oven, and weighed to determine 

20 the aeoust of extracted, i.e., soluble, polymer. 



The foregoing description of the invention is 
illustrative and explanatory thereof. Various changes in 
the materials, apparatus, and particular steps aaployed 
will occur to those skilled ir. the art. It is intended 
that all such variations within the scope and spirit of 
the appended claims be embraced thereby. 
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CLAIMS; 



1 1. A p lyner blend, ccoiprisin?: 

2 a plurality of linear ethylene interpolymer 

3 blend components, each having a narrow molecular weight 

4 distribution such that S 3 and a composition 

5 distribution breadth index of at least 50%; 

6 wherein the blend is essentially free of blend 

7 components having both a higher average molecular weight 
a and a lower average comoncraer content than that of any 
9 other said polyethylene bland component; and 

10 wherein the blend has either M^/M^ > 3 cr a 

XI composition distribution breadth index below 50%, or both. 

1 2. The blend of claim 1, wherein said blend has a 

2 density in the range of 0.85 to 0.94 g/ca^. 

1 3. T.he blend of c3aim 1, wherein said blend 

2 components have an a-olefin comonomer content in the range 

3 of 0 to 30 mole percent and an ethylene content in the 

4 range of 100 to 70 mole percent. 

1 4. The blend of claim 1. wherein said blend 

2 components are selected from the group consisting of: 

3 poly(ethylene-co-a-olefin) elastomers; very low 

4 density linear polyethylenes; and linear, low density 

5 polyethylenes . 

1 5. The blend of claim 1, wherein the blend 

2 components have essentially the same molecular weight and 

3 different comonomer contents. 

1 6. The blend of claim 1, wherein the bland 

2 components have essentially the saae comonoKer content and 

3 different molecular weights. 
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1 7. The blend of claim 1; wherein the m lecular 

2 weights and the comonomer contents of the blend 'components 

3 are both different- 

1 8. The blend of claim 1, wherein the value of M^^/M^ 

2 for each blend component is less than or equal to 2.5. 

1 9. The blend of claim 1, wherein the composition 

2 distribution breadth index for each blend component is 

3 greater than about 70%. 

1 10. A polymer blend, comprising: 

2 a plurality of linear ethylene polymer or 

3 interpolymer blend components, each having a narrow 

4 molecular weight distribution such that M^^/M^ i 3 and a 

5 composition distribution breadth index of at least 50%; 

6 and 

7 wherein said blend components are selected from 
a one of the groups consisting of: (1) blend components 

9 having essentially the same average molecular weight but 

xO different average comonoraer contents; (2) Mend components 

11 having essentially the same average ccmonomer content but 

12 different average molecular weights; and (3) blend 

13 components having different average molecular weights and 

14 comonomer contents wherein said components, taken serially 

15 in order of increasing average molecular weight, have an 

16 increasing comonomer content. 

1 11. The blend of claim 10, wherein the blend has a 

2 density of 0.85 to 0.94 g/cm^ . 

1 12. The blend of claim 10, wherein said blend has an 

2 average molar a-olefin comonomer content of 1-30 percent. 

1 13. The blend of claim 10, wherein said blend 

2 components include poly(ethylene-co-c-olefin) elastomers. 
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1 14. The blend f claim 12, wherein said blend 

2 components include very low density, linear polyethylenes 

1 15. The blend of claim 12, wherein said blend 

2 components include linear, low density polyethylenes. 

1 16. The blend of claim 10, wherein the number of 

2 said blend components is from 2 to 5. 

1 17. The blend of claim 10, wherein said blend is 

2 essentially free of blend components havi.ng both a higher 

3 average nolecular and a lower average comonomer content 
' 4 than another blend component. 

2 18. The blend" of claim 10, wherein the blend has 

2 plural modality with respect to molecular weight, 

3 comonomer content or both. 

1 19. The blend of claim 12, wherein said a-olefins 

2 have from 3 to about 12 carbon atoms. 

1 20. The blend of claim 10, wherein M^l^ < 2.5 for 

2 each blend component, and the composition distribution 

3 breadth index for each component is in the range from 50 

4 to 70%. 

1 21. The blend of claim 20, wherein M^/M^ < 2.0 for 

2 each blend component. 



1 
2 
3 



22. The blend of claim 20, wherein each blend 
component has a composition distribution breadth index in 
the range from 50 to 90%. 



-30- 



1 23- A polymer blend exhibiting enhanced tear 

2 strength properties over that of the individual blend 

3 components comprising: 

4 a plurality of linear ethylene xnterpolymer 

5 blend components, each having a narrow molecular weight 

6 distribution such that M^M^ < 3 and a composition 

7 distribution breadth index of at least 50%; and 

8 wherein for said components taken serially, 

9 primarily in order of increasing molecular weight and 

10 secondarily in order ^ of increasing average comonomer 

11 content, each succeeding component has substantially the 

12 same or a higher average comonomer content than each 

13 preceding component in said series. 

1 24. A pol>-mer blend of linear ethylene incerpolyKer 

2 having a molecular weight distribution such that M^^^ > 2 

3 and a composition distribution breadth index greater than 

4 or equal to 50%. 

1 25. A linear ethylene interpolymer comprising 

2 fracticrs having a narrc^w molecular wei<jht distributic»n 

3 such that M^^^^ S 3 for each fraction, said fractions 

4 taken serially in order of increasing average molecular 

5 weight have an increasing average comonomer content* 

1 26. A linear ethylene interpolymer comprising 

2 fractions having a composition distribution breadth index 

3 of 50% or more, said fractions taker* serially in order of 

4 increasing comonomer content have an increasing average 

5 molecular weight. 



1/1 




FIG. I 



mifeKNAllUliAL SEARCH REPORT 
iMMiM AMMMM Ma PCT/US 89/042S9 





IPCS: C 08 L 23/08 






It. ncLO 


tlAflCMIO 














IPCS 


1 

i C 08 L 






f» m« UtM tMt SUCK 0««t.*«6«t» «r« iMKrtM 1* »>• fM<» $*«r€M » 




III. ooeuHtMrt eoMtioiRto ro tc kiuvamt* 




A 


1 EP, Al. 0100843 (FHIirPS PCTRCLaM COMPANY) 
22 February 1S84. 
see the whole docunient 


1-26 


A 


\ 
1 

EP. A2, 0168928 (BCL LIKITED) 22 Jmuzry 19S5, 
see the whole document 


f 

1 

1-26 


A 


EP. A2. 0241234 (EXXON CHEMICAL PATENTS INC.) 
U Octobar 1S87, 


1-26 


A 


GB, A, 2077273 (NIPPON OIL COMPANY, LIMITED) 
16 December 1981, 
see the whole document 


1-25 


•A* tf vciiinvAt ««r.AMf m« f tM* - 1 tuu %t m* tft «m<r i« nmt 
tfflWWRM r«f«mfi« t* «ii «l«€l«iwrt. um. MMia«fi 


CSM«t e«AM«r«« !• IA««4V« tA 

•C«fn«m « ctiw»i*»< ««tR •«« ttAM lt#CM Mu* 

MAtt. lUCn CMHAttoM k*At • M't*^ tttKA^ 

In M tn, 

*A* 4«c«fP«At mamter •( tf(« t4A« MtoAl tamltr 


sv. cinnncATiOM 


Otto •! th* AAuAi C«mvi«u«M •! th* lfittrfiftUoA«i S<4reA 

21st Oecember 1989 


08.01.90 


EUROPEAN PATENT OFFICE 


T.K. WliTfc: 



f«m ^CT/ISA^i9rMctA^ ftAwO Uft*^ IMS) 



ANNEX TO THE INTERNATIONAL SEAR<:M REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. PCT/US 89/04259 



SA 31622 

wnm»rr* •f* t« r»MiiiM4 m i«» rmtpttm I'm«h (IffW* rnr filt m 08/1 1/89 











EP-Al- 0100843 


22/02m 


IB A 


59047242 


16/03/84 






lie A 


4461873 


24/07/84 






US-A- 


4S47551 


15/10/85 






CA-A- 


1216392 


06/01/87 




i/ob 


G3-A-B- 


2159091 


27/11/85 


EP-A2- 0241234 


14/10/87 


US-A- 


4728323 


01/03/88 






JP-A- 


63249703 


17/10/88 


GB-A- 2077273 


16/12/81 


FR-A-B- 


2481709 


06/11/81 






JP-A- 


56152S53 


26/11/81 






0£-A- 


3117240 


11/03/82 






US-A- 


4413097 


01/11/83 






CA-A- 


1160792 


17/01/84 


GB-A- 21489C6 


05/05/85 


AU-0- 


346S0/84 


09/05/85 






FR-A-B- 


2554454 


10/05/85 






OE-A-C- 


3437116 


23/05/85 






JP-A- 


60124643 


03/07/85 






AU-A- 


549622 


06/02/86 






US-A- 


4577768 


25/03/86 





at oocvvtMTs eoMsi tnn t 






It MCOMO •Mcm 











: GB, A, 2148906 (OWENS-ILLINOIS INC (USA-OELAWARE) ) 

; S June 198S. 

' see the whole document 



1-26 



INTERNATIONAL SEARCH REPORT 
MMMMAMMMM PCT/US 89/04259 





ipST 


C 08 L 23/08 












IPCS 


C 08 L 






IM. DOeUMtMrS COMftlOCRtO TO ftt IIIUVANT« 






1 A*l*TtJif to CftiA Mo. 


A 


I EP. Al, 0100843 (PHILIPS PETROLEUM COMPANY) 

22 February 1984, 
1 see the whole document 

i 


1 1-26 • 

! 


A 


i 

1 

; EP. A2, 0168928 (BCL LIMITED) 22 Ja^iuary 1536, 
see the whole docuraent 


1 

1-26 

\ 


A 


EP. A2, 0241234 (EXXON CHEMICAL PATENTS INC.) 
14 October 1537. 


i 1-25 


A 


GB, A, 2077273 (NIPPON OIL COMPANY, LIMITED) 
16 December 1981, 
see the whole document 






tf*CUf1««M !• C»<»iiW< witn VA* fff»«f« MMr ftVCA tfOCU- 

(ft »n» in. 

^Acvmoni m«m^ m« ttm Mt»At fMiOr 


IV. cs^onrtCATi m 


21st Oecefflber 1989 


Ottt •! UtiUAO of thl» tAttfiuUoftit SotrcA t»«n 

0 8. 0?. 90 










EUROPEAN PATENT OFFICE 





I lllllniW I* CUiM N* 



1 GB, A. 2148906 (OW€NS-ILLINOIS INC (USA-OELAWARE) ) 
5 June 1985. 



see the whole document 



1-26 



ANNEX TO THE INTERNATIONAL SEARC.-H REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. PCT/US 89/04259 



SA 31622 

Tlw wcmfcfw trr rt e*u»t»r4 m i)v r«r»p«tii t'mtfnt Office riir ni* nit rtO/ 1 f /OQ 



Cff f 4 M 






Pi)<ilirMi»<i 


EP-Al- 0100843 


22/02/8^ 


JP-A- 
US-A- 
US-A- 
CA-A- 


S9047242 
4461873 
4547551 
1216392 


16/03/84 
24/07/84 
15/10/85 
06/01/87 


EP-A2- 0 168523 


22/01/86 


GB-A-B- 


2159091 


27/11/85 


EP-A2- 0241234 


14/10/87 


US-A- 
JP-A- 


4723325 
63249703 


01/03/93 
17/10/88 


G3-A- 2077273 


16/12/81 


' FR-A-3- 
JP-A- 
0£-A- 
US-A- 
CA-A- 


2481709 
56152853 
3117240 
4413097 
1160752 


06/11/81 
26/11/81 

11/03/82 

01/11/83 
17/01/84 


GB-A- 2148906 


05/06/85 


AU-D- 

FR-A-B- 

DE-A-C- 

J?-A- 

AU-A- 

US-A- 


34650/84 
2554454 
3437116 

501246^3 
549622 
4577768 


09/05/S5 
10/05/85 
23/05/85 
03/07/85 
06/02/86 
25/03/86 



